Object. Traumatic subarachnoid hemorrhage (SAH) is a poor prognostic factor for traumatic brain injury. The authors aimed to further investigate neurological outcome among head injury patients by examining the prognostic values of CT patterns of traumatic SAH, in particular, the thickness and distribution.
T raumaTic brain injury represents one of the most significant factors determining disability and death in patients with multiple traumas. The devastating impact of traumatic brain injury on patients, their families, and society in terms of limitations and resources should not be underestimated. Traumatic SAH is common, occurring in 41%-55% of patients after moderate or severe traumatic brain injury. 8, 10, 26 Not only is SAH itself associated with death and unfavorable neurological outcome, 2, 11, [14] [15] [16] 18, 20, 23, 24, [26] [27] [28] 32, 33 but traumatic SAH is also linked to early cerebral contusion progression in 59%-71% of patients, with a subsequent poor outcome. 5, 7, 12, 25 With the recent advances in multidetector-row coronal and sagittal CT reconstruction, subtle findings, such as SAH, can now be easily detected. 34 Nonetheless, few studies have focused on describing the patterns of traumatic SAH, the associated CT findings, and the prognostic significance of these patterns, 7, 14, 21, 22 especially in Hong Kong where there is a high prevalence of head and neck injuries. 6 One previous report has documented the relative importance of the thickness of traumatic SAH versus its extent with univariate analysis rather than multivariate analysis. 14 We aimed to review the clinical course of traumatic SAH and investigate the prognostic value of CT patterns (thickness and distribution) of such hemorrhages as they relate to neurological outcome in patients in Hong Kong.
Methods
The study was conducted in a regional trauma center in Hong Kong that provides emergency neurosurgical care for one-quarter of its population. A trauma database is maintained by a specialist trauma nurse coordinator. The comprehensive details of all trauma patients admitted via the emergency department trauma rooms were recorded.
Neurological outcome in patients with traumatic brain injury and its relationship with computed tomography patterns of traumatic subarachnoid hemorrhage Data prospectively collected from trauma patients between January 1, 2006, and December 31, 2008, were retrospectively reviewed. We included in our analysis those patients with significant head injury (loss of consciousness or change in consciousness level as defined by a head AIS score ≥ 2) and traumatic SAH according to admission cranial CT. The AIS score for each anatomical region is ranked from 0 to 6, with scores above 4 representing severe trauma.
1 The ISS was calculated as the sum of the square of the 3 highest AIS scores. 3 The RTS was calculated using a patient's initial GCS score, SBP, and unassisted RR using the following formula: 4, 29 (RR × 0.2908) + (SBP × 0.7326) + (GCS × 0.9368). 4 In-hospital data relating to the mechanism of injury, sex, age, comorbidity, admission GCS score, GCS motor score, initial SBP, initial RR, RTS, ISS, AIS score for different anatomical regions, and CT findings of intracranial hematoma were retrieved for analysis.
A vascular neurosurgeon blinded to patient clinical information retrospectively reviewed admission CT scans for the presence of SAH (defined by sulcal, fissural, or cisternal location), cerebral contusion, subdural hematoma, extradural hematoma, and intraventricular hemorrhage. Hemorrhage size and thickness were measured as appropriate. Midline shift and cisternal compression were documented according to the Marshall CT classification. 19 For traumatic SAH, the maximum thickness on the axial scans (mm) and distributions were recorded. Distributions were assessed in the following anatomical locations: right convexity, left convexity, right sylvian fissure, left sylvian fissure, right basal cistern, left basal cistern, and interhemisphere. The traumatic SAH extent (9) 45 (10) 14 (6) driver in MVA 55 (8) 47 (11) 8 (4) driver in motorcycle accident 22 (3) 17 (4) 5 (2) pedestrian 104 (16) 55 (12) 49 (23) struck or collision 48 (7) 40 (9) 8 (4) penetrating injury (%)
11 (2) 10 (2) 1 (1) (32) 208 (47) 1 (1) 3 116 (18) 72 (16) 44 (21) 4 137 (21) 77 (17) 60 (28) 5 189 (29) 82 (18) 107 (50) 6 10 (2) 8 (2) score was calculated as the number of anatomical locations occupied (0-7). The primary outcome was neurological outcome and death at 6 months postinjury, as measured by the GOS.
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The GOS measures global functioning as a combination of neurological function and dependence on others, with 5 outcome categories scored 1-5: death (1); persistent vegetative state (2); severe disability, that is, conscious but dependent on others for daily activities (3); moderate disability, that is, disabled but independent in daily activity (4); and good recovery (5). We measured outcome at discharge and at 6 months postinjury via telephone interviews conducted by trained research assistants. Favorable outcomes at 6 months included good recovery and moderate disability, whereas unfavorable outcomes consisted of severe disability, persistent vegetative state, and death.
Data were analyzed using SPSS for Windows, version 15.0 (SPSS Inc.). Data are presented as percentages for categorical data, means with standard deviations for continuous data, and medians with interquartile ranges for ordinal data. Univariate statistical analyses were performed using contingency analysis (Pearson chi-square test and Fisher exact test) for categorical data and the Mann-Whitney U-test for continuous data. Multivariate statistical analyses were performed with multiple logistic regressions using the "enter" method and ordinal regression, and the results are reported as odds ratios and 95% confidence intervals. Statistical significance was taken as a 2-tailed p value of 0.05 or less.
Results

Head Injury Patients With Traumatic SAH Versus Those Without
Over the 36-month period, 661 patients between the ages of 10 and 85 years with significant head injury were admitted to the Prince of Wales Hospital in Hong Kong. Two hundred fourteen patients (32%) had traumatic SAH according to admission CT studies. Clinical characteristics and outcomes are shown in Table 1 . On multivariate analysis, traumatic SAH was strongly associated with death (OR 2.5, 95% CI 1.4-4.4) and a 6-month unfavorable outcome (OR 0.6, 95% CI 0.3-0.9).
Clinical Outcome in Head Injury Patients With Traumatic SAH
One hundred thirty-four patients (63%) achieved a favorable outcome at 6 months. Predictive factors are presented in Table 2 . On multivariate analysis, the 6-month neurological outcome was independently associated with maximum thickness (mm) of traumatic SAH (OR 0.8, 95% CI 0.7-0.9) but not with its extent or location. Proportional odds analysis of the GOS score confirmed that the thickness of traumatic SAH was an independent predictor, although its extent and location were not.
Death in Head Injury Patients With Traumatic SAH
Sixty-three patients (29%) had died by 6 months postinjury. Predictive factors are presented in Table 3 . On multivariate analysis, survival was independently associated with the maximum thickness of traumatic SAH (OR 1.3, 95% CI 1.2-1.45) but not its extent or location.
Discussion
We have shown that the thickness of traumatic SAH, but not its anatomical location or extent, is an independent predictor of death and an unfavorable neurological outcome. Other independent predictors included age, severity of injury (AIS head and neck score, ISS, and RTS), thickness of subdural hematoma, and mass effect (cistern obliteration). After adjusting for age and severity of injury, extradural hematoma was an independent predictor of a favorable outcome, reflecting the reversibility of neurological impairment with timely clot evacuation. Previ- ous reports of the predictive value of distribution were probably confounded by the prognostic value of the thickness of traumatic SAH. 21, 22 Our data suggest that future prognostic models should not only consider the presence of traumatic SAH, 27 but also explore the predictive value of its maximum thickness.
Various pitfalls and difficulties in the assessment of traumatic SAH have been mentioned in the literature, including movement artifacts, low levels of hemoglobin in the blood, and head position in relation to the scanning plane. The last problem has now been overcome with coronal and sagittal reconstructions of multidetector-row CT. In terms of the reliability of measurements, Greene and associates 14 have reported a high (94%) interobserver reliability in grading traumatic SAH.
The Fisher Scale 13 and Claassen Scale 9 are usually selected to grade SAH, but the patterns of aneurysmal and traumatic SAH differ. Moreover, the significance of brain injury versus delayed cerebral ischemia is also dissimilar between these two conditions. For these reasons, we elected to conduct a new detailed analysis of the prognostic significance of traumatic SAH patterns (thickness and distribution).
Our current analysis is limited by the study design of a registry review without radiological assessment of cerebral vasospasm and cerebral infarction. Moreover, only 2% of patients had a penetrating head injury, and thus the results can only cautiously be applied to patients with penetrating head injury. The wide range and respective distribution of admission GCS scores can theoretically result in bias, which may not be totally corrected by multivariate analysis.
We believe that traumatic SAH is a marker of greater mechanical force rather than an indicator of a worse outcome, because the latter would cause a differential outcome effect with strategic locations of traumatic SAH. An animal experiment correlating mechanical force with the thickness of traumatic SAH could be used to test the aforementioned hypothesis and offer direction to the future development of treatment. Although studies of nimodipine have failed to show any beneficial effect in patients with traumatic SAH, experimental work suggests that levetiracetam may have a neuroprotective effect. 30, 31 The inclusion of patients with thin traumatic SAH and the lack of cognitive outcome assessments may mask the effect of any neuroprotective treatment. In future clinical trials for traumatic SAH, the assessment of hemorrhage thickness and its application to patient inclusion criteria should be considered to reduce the sample size required to test the efficacy of new treatments. In our study, the mean thicknesses of traumatic SAH were 4 and 7 mm for patients with favorable and unfavorable outcomes, respectively. An inclusion criterion of a traumatic SAH maximum thickness > 4 mm could be selected for future clinical trials of neuroprotective treatments.
Conclusions
The maximum thickness of traumatic SAH was an independent prognostic factor for death and clinical outcome. Anatomical distribution per se did not affect clinical outcome.
